The effect of Non-centrosymmetricity on electronic, spontaneous polarization and optical properties has been investigated using grid based projector augmented wave method code GPAW. The calculation of band gap using GLLB-SC which improves on the exchange potential and explicitly estimates the derivative discontinuity is similar to experimental result. Ferro-electricity of BaHfO3 is increased as lattice distortion kept on increasing. Static dielectric constant, absorption peaks, and index of refraction only show slight change and in good agreement with experimental and other results. However, absorption coefficient prefer centrosymmetricity and had higher absorption ability in visible light frequency range. Excitonic binding energy increases with lattice distortion.
I. INTRODUCTION
Perovskite based materials have attracted much theoretical and experimental attention in recent years. Primarily, alkalne metal hafnate are of practical importance in numerous applications. These materials are bestknown for their adaptability to exhibit several unique properties due to unstablity to lower energy of structural distortions [1] .
Cubic BaHfO 3 considered as ABO 3 perovskite oxides, where a A atom positioned at (0,0,0) corner of cube , a B atom at body center position(1/2, 1/2, 1/2), and three O atoms at face centered positions(1/2, 1/2, 0) forming a BO 6 regular octahedron [2] .
Several works have shown that the cubic phases of Pnma perovskites are unstable to both ferroelectric and octahedral rotation distortions [3] [4] [5] [6] .
In present work we follow different a approach, and chose unique lattice displacement as distortions site in range of (3.85, 4.5) for slight change of centrosymmetricity, and studied the effect on electronic, excitonic, ferroelectric and optical properties of BaHfO 3 .
II. COMPUTATIONAL METHOD
We have implemented the PBE and GLLB-SC potentials to the grid-based projector augmented wave method code GPAW [7, 8] . It is a pseudopotential free approach, which allows more accurate and controlled description of electronic structure than the conventional pseudopotential approximations. For PAW core electrons the frozencore approximation is used [9, 10] .Each material is calculated in the framework of Density Functional Theory (DFT) [11] [12] .
III. RESULTS AND DISCUSSION
We sliced experimental lattice distance(4.171Å)of Cubic BaHfO 3 peroviskite[13] into 10 equidistant as distortion sites in range of (3.85 Here we presented representative sites and calculated the tolerance factor (t) which measures a geometric distortions of Peroviskets [14] .
bond lengths for a particular ABO 3 material calculated using the bond valence model.
A. Spontaneous polarization
Spontanous polarization is an important property of ferroelectricity of materials.It is obtained when crystal alters centrosymmetricity [15] . We used BerryPhase Phase-Space Approach implemented in GPAW [16] , and as depicted in Fig 1 shows that polarization of BaHfO 3 enhanced by lattice distortion, as tolerance factor (t) declined. 
B. Electronic Properties
Here, we used an improved description of the Gritsenko, van Leeuwen, van Lenthe and Baerends potential (GLLB-SC) which improves on the exchange potential and explicitly estimates the derivative discontinuity [17, 18] . The GLLB-SC potential has been tested for cubic perovskites oxide systems with respect to experimental and G0W0 results giving an error below 0.5 eV. for all selected sites 3.85, 4.0277, 4.171, 4.2055 and respective fundamental gap in consecutive order is 6.164, 6.478, 6.55,6.49 which are only differ from experimental result by 0.5 eV. 
C. Optical Properties
The optical properties can be gained from the complex dielectric function which is mainly connected with the electronic structures.
(ω) = Re (ω) + Im (ω)
The imaginary part Im (ω) [19] is calculated from the electronic structure through the joint density of states and the momentum matrix elements between the occupied and the unoccupied wave functions within the selection rules and is given by
where e is the electronic charge, and ψ c k and ψ v k are the conduction band (CB) and valence band (VB) wave functions at k, respectively.
The real part Re (ω) [20] can be extracted from the Kramer-Kronig relationship. Other optical constants such as the refractive index n(ω), and absorption coefficient I(ω) can be computed from complex dielectric function (ω) [21] . The overall behavior of n(ω) and static dielectric constants are found to be the same for all distortion sites and are in good agreement with other predicted study of n(ω) and dielectric constant [22] . However, absorption peaks increased slightly as distortion went far from centrosymmteric point, and turned on excitonic effect.
The absorption coefficient I(ω) for BaHfO 3 is calculated according to the expression Eq.(5) , as illustrated in Fig 4, which reveals that the absorption ability is declined slightly as distortion increased in the range of visible light(390-780nm). However,those where symmetric(t = 1) ones have a good performance in the absorption of visible light.
The excitonic properties are very sensitive to the grid of k-points used because the contributions of Im (ω, q → 0) are very important [23] .
In calculation of BSE we include a number of valence and conduction bands.The imaginary part of the dielectric function, which is directly related to absorption spec- trum, can be calculated by using the expression.
The term |e. 0| |v |s is called the velocity matrix element in the direction of the polarization of the light e [24] .
For the calculation of dielectric function 4 unoccupied bands have been proven sufficient in the energy range under consideration. A simple scissor shift of 0.8 eV is used to match the onset of the absorption to experiment, neglecting local field effects and the electron-hole correlation has been considered. BaHfO 3 is known by a large fundamental gap which is obtained from GLLBSC calculation as 6.164, 6.478, 6.55,6.49 in order of lattice distortion 3.85, 4.0277, 4.171 and 4.25. Noted that the optical spectrum at Fig 4, the first excitonic peaks are at an energy of 6.236 eV, 6.0226 eV 6.0016 eV and 6.00 eV, and the optical gap of BaHfO 3 in respective order of distortion sites are 3.85, 4.0277, 4.171 and 4.25, and also the G0W0 QP band gap are 4.01 eV, 4.2018 eV, 4.2779 eV, and 4.23 eV. Similarly, the excitonic binding energy are 1.99 eV, 1.8 eV, 1.72 eV, and 1.77 eV respectively.
The higher excitonic binding energy is the lower material's dimensionality and lower screening. The low dimensionality increases the confinement between the electron and hole which enhances its Coulomb interaction. Thus, we observe from the Fig 4 that strong excitonic peak at highest distortion site and keeps on decreasing as distortion decline. 
IV. SUMMARY
In this work, we have computed using Density Functional Theory, spontaneous polarization, electronic, and optical properties for representative values of lattice distortion.
We have investigated polarization, Band gap, dielectric function, index of refraction, absorption coefficient and excitonic effect.
The calculated, spontaneous polarization, electronic and optical spectra are in good agreement with experimental results.
Ferro-electricity of BaHfO 3 is increased as lattice distortion kept on increasing. Static dielectric constant, absorption peaks, and index of refraction only show gradual change. Absorption coefficient seeks centrosymmtericity and had higher absorption ability and excitonic binding energy in visible light frequency range.
